The aim of this work was to study the effect of the long-term cyclic administration of the probiotic strain of Lactobacillus (L.) case; CRL 431 as a mucosal immunomodulator of the immune cells associated with the lamina propria of the small intestine, bronchus and other immune cells not associated with mucosal tissues, such as peritoneal macrophages. BALB/c mice were orally administered with a suspension of Lc 10 9 cfu/day/animal in non-fat milk (NFM) 10% for two consecutive days, the optimal dose selected in previous studies to reach protective immunity. This administration was repeated cyclically every 5 days for 98 days. Mice in the control group received only NFM 10%. Samples were taken after two days of L. case; administration and every 14 days until day 98. The small intestine and lungs were removed for histological slices preparation. Haematoxilin-eosin stains were made for histological studies of the small intestine. The number of IgA producing cells in the lamina propria of the small intestine and in bronchus was determined by immunofluorescence assays. Regulatory (IL-4, IL-I0) and proinflammatory (TNFa, INF-y) cytokines were measured in the gut. Peritoneal macrophages were collected during the same periods for phagocytosis assays. We determined an increase in the number of IgA+ cells in the lamina propria of the small intestine in all the periods assayed and in BALT only until day 28. The cytokines studied (IL-I0, IL-4, TNF-a and INF-y) increased in most of the periods assayed, the effect being more remarkable for the anti-inflammatory cytokines such as IL-4 and IL-I0. INF-y was also increased but no modifications in the histological studies of the small intestine were observed, suggesting other roles for this cytokine The phagocytic activity of PM increased for most ofthe periods assayed. We demonstrated that long-term cyclic oral L. case; administration favors mucosal immunity and modulates the immune response to maintain the homeostasis at the mucosal level.
The immunological properties of probiotic bacteria have been extensively studied. Certain non-pathogenic lactic acid bacteria (LAB) such as Lactobacillus (L.) casei, L. rhamnosus and L. plantarum enhance both the systemic and the mucosal immunity (1) . Some LAB strains administered by the oral route have been proved to efficiently stimulate the phagocytic activity of PMN from peripheral blood cells (2) (3) . Studies of the intestinal mucosal immune system have shown that not all LAB can act as immune potentiators, since this property would be related to the strain assayed rather than to the bacterial genus or species (4) .
In previous studies we demonstrated that the oral administration of L. casei CRL 431 induced anti-tumor immune mechanisms that inhibited the progression of a subcutaneously implanted fibrosarcoma, the effect of the microorganism being intimately related to its administration dose (2 x 10 9 cfu ml') (5) (6) . The anti-infective effect of the induction of high levels of the specific antipathogen secretory IgA (S-IgA) against Salmonella typhimurium and Escherichia coli infection was also demonstrated (7) . We noticed the importance of the administration of 2 x 10 9 cells of L. casei in order to prevent infection against enteropathogens (8) (9) . We demonstrated for short periods of time (2, 5 or 7 days) that orally administered live LAB can modulate the gut mucosal immune response according to the elicited cytokine profiles and that the immune response obtained is closely related to the dose administered (10) , as demonstrated by other authors (11) , also for short periods of time.
In most papers dealing with the use of LAB as an immunopotentiator of the gut-associated lymphoid tissue (GALT), the appropriate dose for good activation of the mucosal system is emphasized to prevent oral tolerance mechanisms (12) . However, no scientific evidence has been provided as to whether or not these microorganisms are able to immunomodulate the immune response beyond the optimal dose administered cyclically. Evidence is also lacking as to whether the upregulation of the immune system reached with the optimal dose is maintained throughout long-term cyclic stimulation or whether down regulation occurs.
In a previous paper we determined that L. casei interacts with the GALT and makes contact with the immune cells associated with Peyers patches and with the lamina propria of the intestinal mucosa (13) . We also demonstrated that L. casei interacts with the surface of the epithelial cells and that only small antigenic particle from the cell wall or cytoplasmic substances, but not the whole bacterium, were capable of penetrating the epithelial barrier and making contact with the immune cells associated with the intestine. We confirmed that bacterial viability was also an important condition for a better stimulation of the GALT (14) . These previous studies, and the observation that lower doses of L. casei were more effective than higher doses to reach protective immunity by the oral route, led us to analyze the immunomodulatory capacity of L. casei cyclically administered every 5 days for long periods of time after previous stimulation with the optimal accumulative dose (2 x 10 9 cfu ml'). We studied the influence of such administration on the immune cells associated with the lamina propria of the small intestine and whether or not this cyclic intestinal stimulation for long periods of time had an effect on the IgA+ cells in distant mucosal sites such as bronchus or on other immune cells not associated with mucosal tissues such as peritoneal macrophages, using a murine experimental model.
MATERIALS AND METHODS

Animals
Six-week-old BALB/c mice weighing 25-28 g were obtained from the random-bred colony kept in our department at the Institute of Microbiology (Facultad de Bioquimica, Quimica y Farmacia -UNT). Each experimental group consisted of a total of 30 animals. Three to five mice per assay and period oftime were used. Each assay was performed by duplicate or triplicate. All animal protocols were approved by the Animal Protection Committee of CERELA and Universidad Nacional de Tucuman. All experiments comply with the current laws of Argentina.
Microorganisms
The Lactobacillus strain used for experiments was L. casei CRL 431, from the CERELA culture collection. This microorganism was selected by its immunological properties, as demonstrated in previous papers (7) (8) (9) (10) . The microorganism was cultured for 18 h at 37°C in MRS broth (aerobic conditions). After that, L. casei was harvested by centrifugation at 5,000 g for 10 min and washed three times with sterile saline solution (0.85% NaCl).
L. casei administration procedure
The mice were separated into two experimental groups. The animals in the control group were given 3 ml non-fat milk (NFM) at 10% in their drinking water and received a conventional balanced diet ad libitum. The test group animals were administered daily with 3 ml ofL. casei suspended in 5 ml sterile NFM 10% at a concentration of 10 9 cfu ml' for two consecutive days (optimal dose, 2 x 10 9 cfu ml'), This administration was repeated cyclically every 5 days until day 98 (14 weeks). Continuous L. casei administration was not used since previous findings in our laboratory proved that doses of over two days were not protective against enteropathogens infection or antitumour activity (5) (6) (7) . The culture suspension was administered at 20% v/v in the drinking water, the intake being 3 ml/ day/mouse. The number of viable bacteria was controlled daily by standard plate count technique. The mice for the different assays were housed in individual cages. All the groups received a conventional balanced diet ad libitum.
Histological samples
The mice from both groups were killed by cervical dislocation. Samples were taken after two days of 1. casei administration, and then on day 14and every 14days until day 98. The small intestine and lungs were removed. The intestinal content was eliminated by washing with saline solution (0.85% NaCl). Tissues were prepared for histological evaluation using the routine methods for paraffin inclusion according to Sainte Marie's Technique (15) . Four urn serial paraffin sections were cut. Slices from the gut were stained with haematoxylin-eosin for light microscopy examination to determine possible histological modifications in the gut. Histological slices from the small intestine and lung were used for immunofluorescence assays.
Immunofluorescence assay for IgA-producing cells determination
The number of B cells secreting IgA was determined in the lamina propria of the ileum region near the Peyer's patches and in the bronchus-associated lymphoid tissue (BALT) ofthe lungs in the histological slices ofthe samples from both control and test groups for each period of 1. casei administration. IgA+ secreting cells were measured using a-chain monospecific antibody conjugated with fluorescein isothiocyanate (FITe) (Sigma, St. Louis, MO, USA). Samples were deparaffined and incubated with the appropriate antibody dilution (1:100) in 0.01 mol 1-1 Na phosphate buffered saline (PBS) solution, pH 7.2, for 30 min at 37°C. They were then washed 3 times with PBS solution. The number of fluorescent cells was counted in thirty fields of vision as seen at 1OOOX magnification using a fluorescent light microscope. The results were expressed as number of positive cells in ten fields. They represent the mean of three histological slices from each animal (n=3) for each feeding period.
Indirect immunofluorescence detection of cytokineproducing cells
Cytokines were determined in the small intestine of both test and control animals during the same periods as for IgA+ cell determination. TNF-a, INF-y, IL-4 and IL-10 producing cells were determined in the histological slices by indirect immunofluorescence test, using specific rabbit anti-mouse cytokine polyclonal antibody diluted in saponin-Hank's balanced saline solution (HBSS) and a goat anti-rabbit antibody conjugated with FITC (Jackson Immuno Research Lab Inc., West Grove, USA). The deparaffined histological samples were incubated with the appropriate 1st antibody dilution (1:100 for each cytokine assayed) in 0.01 mol 1-1 PBS solution, pH 7.2, for 60 min at 37°C. They were then washed three times with PBS solution and incubated with the 2 nd fluorescent antibody dilution (1:100) for 60 min at 37°C. The number of fluorescent cells for each cytokine was counted in the lamina propria of the small intestine of 3 samples from each group and period of time assayed in 30 fields of vision at 1OOOX magnification. The results were expressed as the mean of the number of cells in 10 fields.
Ex vivo phagocytosis assay
Peritoneal macrophages were aseptically collected from the test and control groups ofmice at the same periods as for IgA and cytokines-secreting cells determination. They were washed twice with PBS plus bovine seroalbumin (BSA) at 1% and adjusted to a concentration of 10 6 cells ml-I . Phagocytosis was performed using a heat-killed Candida albicans suspension (100°C, 15 min) at a concentration of 10 7 cell ml'. Mixtures of opsonized Candida with the mouse autologous serum (10%) were added to 0.2 ml of macrophage suspension. The mixture was incubated for 30 min at 37°C. The percentage of phagocytosis was expressed as the percentage of phagocyting macrophages in 200-cell count using an optical microscope.
Statistical analysis
Data were expressed as the mean of n=3 independent experiments ± standard errors (SEM). Student's T test was used to calculate the statistical significance of the results, comparing the group of mice fed with 1. casei with the control groups.
RESULTS
Histological studies ofthe small intestine L. casei cyclically administered for long periods of time did not induce secondary effects such as an inflammatory immune response at the gut level. As shown in Fig. la and lb, a slight cellular infiltration in the lamina propria of the small intestine with a conserved histological structure of the villi was seen in the animals with cyclic administration of L. casei in relation to the NFM control group during most of the periods assayed. The increase in cellularity was observed until day 42, after which the infiltrative cells diminished.
Effect of long-term cyclic oral administration of L. casei on the IgA + cells associated with the lamina propria ofthe small intestine
When we analyzed the effect of the long-term cyclic administration of the strain assayed, we observed that there was a significant increase in the number of IgA-secreting cells in respect to the control group fed with NFM (10%). Values were significantly higher (P<O.OOI) in mice fed cyclically with L. casei with respect to NFM control values.
The increase was maintained at all periods assayed up to day 98, except for day 28, where the values were not significant either with regard to the NFM control group or with the untreated control group. These results are shown in Fig. 2 .
Determination of regulatory cytokines (IL-4 and lL-lO)
With regard to the regulatory cytokines IL-4 and IL-IO that maintain intestinal homeostasis, we observed that IL-4 in the test group showed a significant difference (P<O.OO 1) in respect to the control group at all the periods assayed. The number of IL-4 positive cells showed a greater increase on days 14, 28 and 42. IL-IO was also significantly increased in the groups given L. casei with respect to both the NFM control and the untreated control group from the 2 nd to the 28 th day after treatment. Then values decreased until the end of the experiment, being similar in both controls. Table I shows these results.
Determination ofcells producingproinjiammatory cytokines TNF-a and lFN-y at the gut level
Two proinflammatory cytokines, TNF-a and INF-y were selected to determine whether the cyclic administration of L. casei for long periods of time induced high levels in the production of these cytokines, which are responsible for a possible inflammatory response. We observed that TNF-a was significantly increased (P<O.OO 1) in the group which received L. casei for all the periods assayed. Values reached twice the NFM control group values, this increase being more remarkable on day 28. The levels of IFN-y in the group fed with L. casei were also significantly enhanced (P<0.001) from day 2 until day 98 in comparison with both control groups. These results are expressed in Table II .
Effect of L. casei on IgA + secreting cells in mucosal distant sites such as BALT
The number of IgA secreting cells associated with bronchus was analyzed in order to determine whether or not intestinal stimulation favored the migration of the gut IgA+ B cells to bronchus. We found that L. casei increased the number of IgA+ cells in the bronchus from day 2 to day 28. The effect was highly significant until the 28 th day with regard to the NFM control group. After that, and up to day 56, these levels decreased, reaching values similar to both control groups (NFM and unfed control) ( Fig.  3) .
Effect of long-term ofL. casei administration on the phagocytic capacity ofperitoneal macrophages
The activity of peritoneal macrophages was studied to determine the activation of cells distant from the intestine that could be stimulated by the cytokines released by the immune cells associated with the gut. We observed that the cyclic oral administration of L. casei for long periods of time increased the phagocytic activity of the peritoneal macrophages throughout the 98 days of the experiment. This activity was highly significant from day 2 onwards, with the exception of days 56 and 84, in comparison with the two controls (NFM and unfed control). These results are expressed in Table III .
DISCUSSION
Homeostasis in the immune system of the gastrointestinal tract is sensitively balanced by the immune cells associated with the intestinal mucosa, which are responsible for oral tolerance or for the development of chronic inflammation (16) (17) . The epithelial layers provide an effective barrier against luminal antigens. The intestinal flora also plays a key role in maintaining the activation of the immune cells associated with the intestine (18) . Recently it has been shown that the dendritic cells (DCs) in the intestine are activated by luminal bacterial antigens. Upon activation, they undergo maturation process and migrate to the lymph nodes, where they activate T cells (19) . In the Peyer's patches, DCs take up the antigens from the lumen transported by M cells. The dendritic cells of the lamina propria of the small intestine express tight junction proteins to prevent the destruction of the epithelial barrier and to be able to take up the antigens (20) .
In spite of this knowledge there are very few immunological studies of probiotic bacteria and the way in which these microorganisms influence the mucosal and systemic immune response in a complex environment such as the intestinal ecosystem. The immunological properties of probiotic bacteria have been well demonstrated (2-3, 5-6, 11-13) . In this context, and considering that oral tolerance is the mechanism that maintains intestinal homeostasis, many questions arise in relation to the constant stimulation induced by the probiotic bacteria present in some foods. In this paper we analyzed the effect of long-term (98 days) cyclic oral administration of the probiotic strain L. easei CRL 431 at the optimal dose previously determined. Cyclic administration is also supported by our previous works using this strain (10) (11) (12) (13) (14) . Long-term administration of viable L. easei is justified by the fact that this probiotic strain is able to survive through the intestinal passage interacts with the immune cells, but not to colonize the intestinal tract. We determined that L. easei cyclically administered for 98 days did not induce side effects such as an inflammatory immune response even under constant antigenic stimulation. We noticed only a slight increase in the cellularity in the villi and lamina propria of the small intestine ( Fig.  laand lb) .
When we analyzed in the lamina propria of the small intestine the population of IgA producing cells as one of the more important markers of mucosal immunity, we observed that the number of IgA+ cells in the lamina propria (Fig. 2 ) was increased and remained so until day 98. This fact could mean that long-term cyclic administration of L. easei may be necessary to maintain the number ofIgA+ cells, which are responsible for the surveillance mechanism in the gut due to their important function at the mucosal level, as demonstrated by Lamm et al. (21) .
The activation of the infiltrative immune cells associated to the lamina propria of the small intestine, measured by cytokines positive cells, was also evaluated. We determined how the cytokines' profiles vary after cyclic probiotic administration in order to maintain intestinal homeostasis. For this reason we selected for analysis two proinflammatory cytokines, TNF-a and INF-y, and two regulatory cytokines, IL-4 and IL-IO (Tables I and II) . We demonstrated that the cells positive for both regulatory cytokines reached a maximum and then, even when their values decreased, they were still significantly increased in respect to the control values, especially for IL-4, perhaps as a way of maintaining intestinal homeostasis against the constant antigenic stimulation by regulation of the Th-l response. With regard to the proinflammatory cytokines IFN-y and TNF-a, they were also increased. These cytokines were only partially regulated by IL-IO. In the case ofINF-y, the effect was more important than for TNF -o, whose values diminished when those for IL-IO increased. However, TNF-a (+) cell numbers remained high in respect to those of the NFM control. We believe that this cytokine could be responsible for the slight increase in cellularity observed in the lamina propria of the small intestine. The numbers of INF-y cells were increased throughout the experiment. We think that the levels found for INF-yare also responsible for the control of the proliferation of the immune cells in the lamina propria. This speculation is based on the regulatory activity found for INF-y. It has been demonstrated that Indoleamine dioxygenase (IDO) is an IFN-y inducible gene and tryptophan-catabolyzing enzyme that inhibits antigen-specific T-cell proliferation (22) . The high levels of INF-y induced by L. casei administration would also be important to activate macrophages distant from the gut such as peritoneal macrophages, as shown in the phagocytosis assays (Table III) . The importance of the immune cells associated to bronchus is well known (23) . In a previous work (24) we demonstrated that short-term oral administration of LAB increased the IgA in the bronchus-associated lymphoid tissue (BALT). When we analyzed the effect of L. case; on the IgA+ cells in BALT, we observed a significant increase only until day 28 (Fig.  3) . These results agree with the importance of local stimulation according to the compartmentalization theory (25) . Intestinal L. casei stimulation would induce the increase in the IgA cycle, as described for other antigens, favoring mucosal immunity in BALT and mammary glands (26) ; however, in order to maintain the increase in the IgA cells, local stimulation is required. Another possibility is that down regulation is induced by the high level of IL-IO determined for day 28, which could induce a diminution in the proliferation and in the number of cells able to enter in the IgA cycle.
This paper is a preliminary study to demonstrate that the interaction between L. case; and the intestine, in conventional animals after long term cyclic oral administration, can induce different signals in the immune cells that lead to the activation of the mucosal immune response with cytokine release and an enhancement in the B cells producing IgA+, not only at the intestinal but also at the bronchus level, as well as peritoneal macrophage activation. This finding raises new questions concerning the immune mechanisms of the innate or adaptive immunity induced by non-pathogenic and non-commensal probiotic bacteria and the mechanisms for the down regulation to induce the oral tolerance necessary to maintain intestinal homeostasis. This is a first step in acquiring knowledge on the safety of continuous consumption of a probiotic bacterium administered cyclically. Since different probiotic strains are known to have different immunological and microbiological properties, the modulation of the microflora and of the immune cells associated with the gut, using probiotics, has been shown to be important in different pathologies or infections; however, discrepancies in dose and duration of treatment make it difficult for clinicians to prescribe 1a 1b M. E. BIBAS BO""ET ET AI.. Fig. 1 . Histologi cal studies of the small intestine aft er long-term cyclic L. casei administration to mice. Tissues were preparedfor histological evaluation using routine methods for paraffin inclusion according to Sainte Marie 's technique. Four flm serial paraffin sections were cut and stained with haematoxylin-eosin. Fig. Ia shows the structure of the villi ofthe small intestine for NFM control mice. Fig. 1b shows a slight cellular infi ltration in the lamina propria of the small intestine with a conserved histological structure of the villi in mice f ed cyclically with L. casei fo r 28 days. a probiotic strain to improve mucosal and/or systemic immunity. We have demonstrated the efficacy of a probiotic strain L. casei CRL 431 as an immunomodulator and an anti-inflammatory agent on the gut mucosal immune response, and its innocuity after long-term cyclic administration.
